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(57) Abstract 



A universal serial bus (USB) device provides a programmable pull-up for universal serial bus (USB) interface. For an internal 
programmable pull-up configuration, a universal serial bus (USB) controller within the USB device selectively provides an attach signal 
to enable an active pull-up component to place a pull-up resistance on a universal serial bus (USB) data line. The pull-up resistance 
alerts a universal serial bus (USB) host of the presence of the USB device on the USB data line. For an external programmable pull-up 
configuration, the USB device provides a programmable input/output line to an active pull-up component which selective connects a 
universal serial bus (USB) cable power bus to the USB signal line through a pull-up terminator. The programmable pull-up nature of the 
USB device permits software to control a connect status and disconnect status of the USB device seen by the USB host. For example, 
the USB device may provide a disconnect status to the USB host without the USB device being physically disconnected from the USB 
data line. The USB device also may selectively signal a USB host of its presence on a USB data line after the USB device has completed 
loading of its configuration data. 
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TITLE: PROGRAMMABLE PULL-UP FOR A UNIVERSAL SERIAL BUS 

INTERFACE 

SPECIFICATION 

TECHNICAL FIELD 

The present invention relates to microcontrollers and more particularly, to a programmable pull-up for a 
universal serial bus interface. 

BACKGROUND ART 

MICROCONTROLLERS 

As technology advances, computer system components are providing specific services which previously 
were offered by a microprocessor or the computer system as a whole. A centerpiece of this advancing technology 
is known as a microcontroller, or embedded controller, which in effect is a microprocessor as used in a personal 
computer, but with a great deal of additional functionality combined onto the same monolithic semiconductor 
substrate (i.e., chip). In a typical personal computer, the microprocessor performs the basic computing functions, 
but other integrated circuits perform functions such as communicating over a network, controlling the computer 
memory, and providing input/output with the user. 

In a typical microcontroller, many of these functions are embedded within the integrated circuit chip 
itself. A typical microcontroller, such as the Aml86EM or Aml86ES by Advanced Micro Devices, Inc., of 
Sunnyvale, California, not only includes a core microprocessor, but further includes a memory controller, a direct 
memory access (DMA) controller, an interrupt controller, and both asynchronous and synchronous serial 
interfaces. In computer systems, these devices are typically implemented as separate integrated circuits, requiring 
a larger area and increasing the size of the product By embedding these functions within a single chip, size is 
dramatically reduced, often important in consumer products. 

From a consumer products designer's viewpoint, often the particular combination of added features make 
a particular microcontroller attractive for a given application. Many microcontrollers are available that use the 
standard 80x86 microprocessor instructions, allowing for software to be easily developed for such 
microcontrollers. Because of the similar execution unit instruction sets, the added features often become principal 
differentiating criteria between particular microcontrollers. 

In implementing microcontrollers in embedded systems, another common requirement or desirable feature 
is the reduction of the bandwidth needed by any particular portion of the microcontroller in negotiating with other 
portions. For example, the core of a microcontroller is the execution unit, which is essentially a microprocessor 
core. An execution unit should be free to perform the programmed task to which it is dedicated, rather than 
spending time waiting on other units within the microcontroller. 

Turning now to the communications side of the embedded systems industry, specialized microcontrollers 
with integrated communication features are becoming particularly attractive for communications applications. A 
microcontroller, or an embedded controller, is uniquely suited to combining functionality onto one monolithic 
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semiconductor substrate (i.e., chip). By embedding various communication features within a single chip, a 
communications microcontroller may support a wide range of communication applications. 

An important component of a communications microcontroller has been a Universal Serial Bus (USB) 
controller. The Universal Serial Bus is a serial bus standard that implements a communication architecture and 
interface to allow for the connection of multiple peripherals through a single port. A Universal Serial Bus is used 
to connect a USB device with a USB host. For example, a Universal Serial Bus may connect a microcontroller 
(i.e., USB device) to a computer system (i.e., USB host). Each USB device is composed of a collection of 
independently operating endpoints. An endpoint, which is the ultimate consumer or provider of USB data, is a 
uniquely identifiable portion of a USB device that is the terminus of a communication flow between the USB host 
and the USB device. 

A USB device has required a fixed resistor (pull-up) for controlling the physical connection between the 
USB device and a USB cable. A pull-up allows a USB host to identify whether a USB device is a low speed 
device or a high speed device. A full or high speed USB device has been terminated by a pull-up resistor on a 
USBD+ line of the USB cable. A low speed USB device has been terminated by a pull-up resistor on a USBD- 
line of the USB cable. The only control over the connection between a USB device and a universal serial bus 
(USB) has been a physical connection to the USB cable. 

DISCLOSURE OF THE INVENTION 

Briefly, the present invention provides a universal serial bus (USB) device with a programmable pull-up 
for universal serial bus (USB) interface. For an internal programmable pull-up configuration, a universal serial bus 
(USB) controller of the USB device selectively provides an attach signal to enable an active pull-up component to 
place a pull-up resistance on a universal serial bus (USB) data line. The pull-up resistance alerts a universal serial 
bus (USB) host of the presence of the USB device on the USB data line. For an external programmable pull-up 
configuration, the USB device provides a programmable output line to an active pull-up component external to the 
USB device which selectively connects a universal serial bus (USB) cable power bus to the USB signal line 
through a pull-up terminator. 

The programmable pull-up nature of the USB device permits the software of the USB device to control a 
connect status and disconnect status of the USB device seen by the USB host. For example, the USB device may 
provide a disconnect status to the USB host without the USB device being physically disconnected from the USB 
data line. In accordance with the present invention, the USB device may selectively signal a USB host of its 
presence on a USB signal line after the USB device has completed loading of its configuration data. 

In the past a physical connection with a USB host, has been the only form of connection between a USB 
host and a USB device. When a USB device was physically connected to the USB cable, the USB host became 
aware of the USB device. In certain situations, however, it is desirable to connection a USB device to a USB 
without informing the USB host of the device's presence on the USB. For example, in the case of a complex USB 
device, it may be necessary to load configuration data to the device. The configuration data needs to be loaded to 
the USB device in order for the device to meaningfully communicate with the USB host. The USB host yet 
attempted communication with the USB device when the device became physically connected to the USB. At such 
a time, configuration data was not fully loaded to the USB device. Similarly, there are times when it is desirable 
for a USB device to disconnect itself from a USB host without being physically disconnected. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be obtained from the following detailed description of 
the preferred embodiment as considered in conjunction with the following drawings, in which: 

Figure 1 A is a block diagram of a typical microcontroller implemented according to the present invention; 

Figure IB is a schematic pinout diagram of the pinouts for the microcontroller of Figure 1A; 

Figure 2 is a schematic diagram illustrating a USB host connected to the microcontroller of Figures 1 A 
and IB through a universal serial bus (USB); 

Figure 3 is a schematic diagram of an exemplary internal programmable pull- up USB device 
configuration illustrating use of an internal programmable pull-up for selectively connecting the microcontroller of 
Figures 1 A, IB and 2 to a USB data line in accordance with die present invention; 

Figure 4 is a schematic diagram of an exemplary external programmable pull-up USB device 
configuration illustrating use of an external programmable pull-up for selectively connecting the microcontroller of 
Figures 1 A, IB and 2 to a USB data line in accordance with the present invention; 

Figure 5 is a flowchart of an exemplary programmable internal pull-up USB connect/disconnect process 
for the internal programmable pull-up device configuration of Figure 3 in accordance with the present invention; 
and 

Figure 6 is a flowchart showing of an exemplary programmable external pull-up USB connect/disconnect 
process for the external programmable pull-up device configuration of Figure 4 in accordance with the present 
invention. 

MODE(S) FOR CARRYING OUT THE INVENTION 

In general when referring to signals in this description, an asterisk (*) after a signal mnemonic indicates 
that it is logically true when a low voltage level is present and is the inverse of the signal mnemonic without an 
asterisk and angle brackets with included numbers after a signal mnemonic are used to indicate single or multiple 
bit positions in a wider logical signal, such as the data or address fields. 

Turning to Figure 1 A, shown is a block diagram of a typical microcontroller M implemented according to 
the invention. Such a microcontroller is preferably implemented on a single monolithic integrated circuit 

The microcontroller M preferably includes an internal bus 100 coupling, an execution unit 124, system 
peripherals 174, memory peripherals 176 and serial communication peripherals 172. The execution unit 124 in the 
disclosed embodiment is compatible with the AM 186 instruction s6l implemented in a variety of microcontrollers 
from Advanced Micro Devices, Inc., of Sunnyvale, California. A variety of other execution units could be used 
instead of the execution unit 124. The system peripherals 174 include a watch dog timer (WDT) 104 for 
generating non-maskable interrupts (NMIs), microcontroller resets, and system resets. An interrupt controller 108 
for supporting thirty-six maskable interrupt sources through the use of fifteen channels is also provided as a system 
peripheral. One disclosed system peripheral is a three channel timer control unit 112. The timer control unit 112 
includes three 16-bit programmable timers. Another system peripheral is a general purpose direct memory access 
(DMA) unit 116 with four channels 0-3. A programmable I/O unit 132 of the microcontroller M supports user 
programmable input/output signal (PIOs). In the disclosed embodiment, forty-eight PIOs are provided 

The memory peripherals 176 of the disclosed microcontroller include a DRAM controller 170, a ghieless 
interface 168 to a RAM or ROM, and a chip select unit 126. In the disclosed embodiment, the DRAM controller 
170 is fully integrated into the microcontroller M. Also in the disclosed embodiment, the chip select unit 126 



provides six chip select outputs for use with memory devices and eight chip select outputs for use with peripherals. 

A low speed serial port implemented as a universal asynchronous receiver/transmitter (UART) 136 is 
provided as a serial communication peripheral. The low speed UART 136 is typically compatible with a standard 
16550 UART known to the industry. Another serial communication peripheral in the disclosed embodiment is a 
synchronous serial interface (SSI) 140. Preferably the microcontroller M acts as a master in the synchronous serial 
interface 140, which is a standard synchronous serial channel. 

The microcontroller M in the disclosed embodiment is particularly well suited to communications 
environments. To this end, the serial communication peripherals 172 of the microcontroller M include a number of 
high speed communication controllers, including a High-level Data Link Control (HDLC) controller 144, a 
Universal Serial Bus (USB) controller 146, and a high speed serial port (HSUART) 148. The disclosed HDLC 
controller 144 provides four HDLC channels 164. The HDLC channels 164 and the USB controller 146 can be 
written to and read from by a "SmartDMA" unit 150, a unit which provides for chained buffers that are accessed 
via pairs of DMA channels. The SmartDMA unit 150 allows for a high degree of packetized transfer without 
excessive execution unit 124 intervention. The SmartDMA unit 150 preferably consists of four SmartDMA 
controllers, SmartDMA0-3, that each consists of a pair of DMA channels. 

The HSUART 148 serves to form an asynchronous serial link across a bus to devices external to the 
microcontroller M. The asynchronous nature indicates that the HSUART 148 does not provide a separate clock 
signal to clock the data. Instead the rate at which data is sent and received must be predetermined or determined 
through autobauding and independently controlled on sending and receiving ends. This data rate is known as the 
baud rate. It should be understood that the microcontroller M may include multiple HSUARTs 148. 

The disclosed HDLC controller 144 also includes an interface multiplexer 162. This multiplexer 162 
couples the four HDLC channels 164, four time slot assignors (TSA) 166, and a number of external buses. 
Specifically, using the time slot assignors or otherwise, the HDLC channels 164 can be selectively coupled to a 
pulse code modulation (PCM) highway, a general circuit interface (GCI), an ISDN oriented modular interface 
revision 2 (IOM-2) serial bus, a data carrier equipment (DCE) serial interface, and other general and specific 
interfaces that often use packetized communication. Further, fee HDLC channels 164 support HDLC, SDLC, Link 
Access Procedures Balanced (LAPB), Link Access Procedures on the D-channel (LAPD), and PPP, and as noted 
above, each include an independent time slot assignor 166 for assigning a portion of a serial frame to each HDLC 
for isochronous or isochronous-type communication. 

Turning to Figure IB, shown are illustrative pinouts for the microcontroller M implemented according to 
the invention. Illustrated are clock pinouts for the clock 102, address and address/data bus pinouts to the bus 
interface unit 120, bus status and control pinouts, again generally for the bus interface unit 120, timer control 
pinouts coupled to the timer control unit 1 12, USB control and transceiver control pinouts for die USB controller 
146, synchronous serial controller pinouts for the synchronous serial interface 140, programmable I/O pinouts for 
the programmable I/O unit 132, reset control pinouts, memory and peripheral control pinouts coupled to both the 
chip select unit 126 and the bus interface unit 120, DMA control pinouts for the general purpose DMA unit 1 16 
and the SmartDMA unit 150, HDLC channel/DCE interfact/PCM interface pinouts for coupling to the HDLC 
controller 144, UART pinouts for the low speed UART 136, and high speed UART pinouts for the HSUART 148. 
All of these pinouts, of course, are illustrative, and a wide variety of other functional units and associated pinouts 
could be used without detracting from the spirit of the invention. For example, a number of both the 
communications and general purpose peripherals from Figure 1A could be eliminated, or added to, without 



detracting from the spirit of the invention. 

The techniques and circuitry according to the invention could be applied to a wide variety of 
microcontrollers and other similar environments. The term "microcontroller" itself has differing definitions in 
industry. Some companies refer to a processor core with additional features (such as I/O) as a "microprocessor" if 
it has no onboard memory, and digital signal processors (DSPs) are now used for both special and general purpose 
controller functions. As here used, the term "microcontroller" covers all of the products, and generally means an 
execution unit with added functionality all implemented on a single monolithic integrated circuit. 

Turning now to Figure 2, a schematic diagram illustrating a USB host 200 connected to the 
microcontroller M through a universal serial bus (USB) 204 is shown. The USB host 200 may for example be a 
computer system, however other devices alternatively may be designated as the USB host 200. The USB host 200 
includes a USB transceiver 202, which is a combination of a transmitter and a receiver. The USB transceiver 202 
allows the USB host 200 to transmit and receive data via the USB 204." The USB 204 includes four lines: 
212, D+ 208, D- 210, and GND 214. The 212 is typically 5 volts, and the GND 214 is set to ground. The D+ 
(or USBD+) 204 and the D- (or USBD-) 2 1 0 allow for data to be transmitted over the USB 204. 

In the disclosed embodiment, the microcontroller M serves as a USB device. The USB device M like the 
USB host 200 provides a USB transceiver 205. The microcontroller M may transfer and receive USB data via the 
USB transceiver 206. The USB transceiver 206 may be integrated or may be external to the microcontroller M. 

Turning now to Figure 3, an exemplary internal programmable pull-up USB device configuration is 
shown. The programmable pull-up configuration permits the USB device (i.e., the microcontroller) M to be 
physically connected to a USB data line such as the EH- data line 208 of the USB 204 without being detected as 
"connected" to the data line 208. Similarly, the programmable pull-up configuration permits the USB device M to 
be detected as "disconnected 11 from the data line 208 without being physically disconnected from the data line 208. 
For example, die USB device M may be physically connected to the USB data line 208 in a device state in which 
the presence of the USB device M on the USB data line D+ 208 is masked or not provided to the USB host 200. 
This preferably occurs at a point in time when detection of the USB device M by the USB host 200 is undesirable. 
When it becomes desirable for the USB host 200 to be aware of the presence of the USB device M on the USB 
data line D+ 208, the USB device M is placed in a device state in which the presence of the USB device M on the 
USB data line D+ 208 is communicated to the USB host 200. In the disclosed embodiment, this communication is 
termed a connect status. The device state of the USB device M for the internal programmable pull-up USB device 
configuration is controlled through software as described in connection with Figure 5. 

In the illustrated internal programmable pull-up USB device configuration, an active pull-up component 
300 is provided for selectively "connecting'* (i.e., providing a connect status) to the USB EH- line 208. The active 
pull-up component 300 receives an attach signal Attach 41 from the USB controller 146. In the disclosed 
embodiment, the Attach 41 signal is provided by a dedicated pin of the USB controller 146. The Attach 41 signal 
serves to enable or disable the active pull-up component 300. If the active pull-up component 300 is enabled, then 
the USB device M is "connected" to the USBD+ line 208 such that the USB host 200 detects the presence of the 
USB device M on the USBD+ line 208. This technique for connecting the USB device M to the USB may be 
termed a software connect. If the active pull-up component 300 is disabled, then the USB device M is 
"disconnected" from the USBD+ line (i.e., providing a disconnect status) such that the USB host 200 does not 
detect the presence of the USB device M on the USBD+ line 208. This technique for disconnecting the USB 
device M from the USB 204 may be termed a software disconnect 
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In the disclosed embodiment, the active pull-up component 300 is a PMOS transistor. The PMOS 
transistor 300 may be a negative enable transistor which allows the Attach* signal to activate the PMOS transistor 
when it is active low. A source 304 of the PMOS transistor 300 is connected to the D+ line 208. A drain 306 of 
the PMOS transistor 300 is connected to a sustained voltage 302 from an internal supply. When the PMOS 
transistor 300 is enabled or activated, the PMOS transistor 300 acts as a pull-up resistance to the EH- line 208. The 
pull-up resistance may for example provide a resistance of approximately 15K. When the PMOS transistor 300 is 
disabled or deactivated, then the PMOS transistor 300 does not provide a pull-up resistance to the D+ line 208. In 
the disclosed embodiment, a PMOS transistor is implemented for use as an active pull-up resistance. However, 
other devices could be used to selectively provide an active pull-up resistance without detracting from the spirit of 
the invention. 

Turning now to Figure 4, an external programmable pull-up USB device configuration is shown. The 
external programmable pull-up USB device configuration is similar in operation to the internal programmable 
pull-up USB device configuration except that the pull-up resistance is provided external to the microcontroller M 
rather than internal to the microcontroller M. As shown in Figure 4, the microcontroller M includes a USB 
controller 146 having the USB transceiver 206. The USB transceiver 206 is connected to the USB 204, more 
particularly to the USB data lines EH- 208 and D- 210. A programmable input output line 402 identified as PIOl is 
provided by the microcontroller M to an active pull-up component 400. In the disclosed embodiment, the active 
pull-up component 400 is a PMOS transistor. A drain 404 of the transistor 400 is connected to the 212 of the 
USB 204. A source 406 is connected to a pull-up terminator R connected to the EH* line 208 of the USB 204. In 
the disclosed embodiment, the pull-up terminator R is a resistor. When the PIOl line 402 is active, the transistor 
400 is enabled allowing the connection through the resistor R to provide a pull-up resistance on the D+ line 
208. 

When the PIOl line 402 is inactive, the transistor 400 is disabled and does not provide a pull-up 
resistance on the D+ line 208. By allowing a USB device, in this case the microcontroller M, to selectively enable 
a pull-up resistance of the D+ line 208, the USB device may provide a connection status to the USB host 200 when 
desired. The USB device M may also appear to the USB host 200 to be disconnected from the USBD+ line 208 
without physically disconnecting the USB device M from the USBD+ line 208. By placing the PIOl line 402 in an 
inactive state, a disconnect status is provided to the USB host 200. Since it appears to the USB host 200 that the 
USB device M is no longer attached to the USB 204, the USB device M may function as if the device M is not 
connected to the USB 204. The external programmable pull-up USB device configuration is controlled through 
software as described below in connection with Figure 6. 

In accordance with the present invention, the microcontroller M of a particular configuration may be 
reconfigured to a different configuration using for example either the internal programmable pull-up USB device 
configuration of Figure 3 or the external programmable pull-up USB device configuration of Figure 4. A USB 
device M of a particular configuration may appear to the USB host 200 to disconnect from the USB 204 without 
physically disconnecting the USB device M from the USB 204, reconfigure itself to a different configuration, and 
then appear to the USB host 200 to reconnect to the USB 204. In this way, a different device configuration of the 
USB device M is instantiated without physically disconnecting the USB device M from the USB 204. 

In the illustrated embodiments, a pull-up resistance is accomplished via the EH- line 208 commonly used 
for a full or high speed USB device. For a low speed USB device, a pull-up resistance may be accomplished via 
theD- line 210. 



Turning now to Figure 5, a flowchart of an exemplary programmable pull-up USB connect/disconnect 
process 500 is shown. The connect/disconnect process utilizes the internal programmable pull-up USB device 
configuration of Figure 3. In the disclosed embodiment, this software controlled process is executed by the 
execution unit 124. In accordance with the present invention, the USB device M may remain physically connected 
5 to the USB 204 and appear to the USB host 200 to be connected or disconnected to the USB 204. The 

connect/disconnect process starts with step 502 where it is determined if a connect event has occurred. In the 
disclosed embodiment an example of a connect event is completion of self-configuration of the USB device M. If 
a connect event is detected, then control proceeds to step 504 where the Attach* signal is asserted to enable the 
pull-up component 300 (Fig. 3). When the active pull-up component 300 is enabled, the USB device M appears to 

1 0 the USB host 200 to be connected to the USB 204. 

Next, in step 506, it is determined if a disconnect event is detected. If not, control remains at step 506. If 
so, control proceeds to step 508 where the Attach* signal is deasserted. When the Attach* signal is deasserted, the 
active pull-up component 300 is disabled. When the active pull-up component 300 is disabled, the USB device M 
appears to the USB host 200 to be disconnected from the USB 204. In fact, the USB device M is physically 

15 connected to the USB 204. From step 508, control returns to step 502. The nature of this process is particularly 

useful when the USB device M having a particular configuration is "disconnected" and then "reconnected" with a 
different configuration as described above. 

Referring to Figure 6, a flow chart of an exemplary external programmable pull-up USB 
connect/disconnect process is shown. The process utilizes the external programmable pull-up USB device 

20 configuration of Figure 4. In the disclosed embodiment, the software controlled process is executed by the 

execution unit 1 24. In accordance with the present invention, the USB device M may remain physically connected 
to the USB 204 and appear to the USB host 200 to be connected or disconnected to die USB 204. The 
programmable pull-up process begins with step 602 where it is determined if a connect event has occurred. If a 
connect event has not occurred, then the process returns to step 602 and awaits the occurrence of a connect event. 

25 In the disclosed embodiment, an example of a connect event is completion of self-configuration of the USB device 

M as noted above. If a connect event is detected, then control proceeds to step 604 where the PIOl line 402 is 
asserted to enable the active pull-up component 400 (Fig. 4). When the active pull-up component 400 is enabled, 
the USB device M appears to the USB host 200 to be connected to the USB 204. 

Next, in step 606, it is determined if a disconnect event is detected. If not, control remains at step 606. If 

30 so, control proceeds to step 608 where the PIOl line 402 is deasserted. When the PIOl line 402 is deasserted, the 

active pull-up component 400 is disabled. When the active pull-up component 400 is disabled, the USB device M 
appears to the USB host 200 to be disconnected from the USB 204. In fact, the USB device M is physically 
connected to the USB 204. From step 608, control returns to step 602. As with the connect/disconnect process of 
Figure 5, the nature of this process is also useful when the USB device M having a particular configuration is 

35 "disconnected" and then "reconnected" with a different configuration as described above. 

It should be understood that other ways of achieving a programmable pull-up nature of a USB device may 
be possible. It should further be understood that other ways of utilizing software to control a connect status and 
disconnect status of a USB device may be possible. While the disclosed exemplary embodiment illustrates a 
microcontroller as a USB device, it should be understood that the present invention may apply to other USB 

40 devices. 
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The foregoing disclosure and description of the preferred embodiment are illustrative and explanatory 
thereof, and various changes in the components, circuit elements, signals, programmable lines, data lines, 
transistors, and order of steps, as well as in the details of the illustrated hardware and software and construction 
and method of operation may be made without departing from the spirit of the invention. 
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CLAIMS: 

We claim: 



1 1 . A programmable pull-up universal serial bus (USB) device, comprising: 

2 a universal serial bus (USB) transceiver; 

3 a universal serial bus (USB) controller coupled to the USB transceiver; and 

4 an active pull-up component for receiving an attach signal from the USB controller, the attach 

5 signal if asserted enabling the active pull-up component to place a pull-up resistance on a universal serial bus 

6 (USB) data line coupled to the USB transceiver, the attach signal if deasserted disabling the active pull-up 

7 component so as not to provide a pull-up resistance on the USB data line. 

1 2. The programmable pull-up USB device of claim 1, wherein the pull-up resistance generates a 

2 physical connection between the programmable pull-up USB device and the USB data line. 

1 3. The programmable pull-up USB device of claim 1, wherein the pull-up resistance when activated 

2 is for alerting a USB host of the presence of the programmable pull-up USB device on the USB data line. 

1 4. The programmable pull-up USB device of claim 1 , further comprising: 

2 an execution unit for executing device software to selectively signal the USB controller to assert 

3 and deassert the attach signal to the active pull-up component. 

1 5. The programmable pull-up USB device of claim 4, wherein the device software asserts the attach 

2 signal to the active pull-up component after configuration data is loaded to the programmable pull-up USB device. 

1 6. The programmable pull-up USB device of claim 1, wherein the active pull-up component 

2 comprises a transistor. 

1 7. The programmable pull-up USB device of claim 1, wherein the USB transceiver comprises a 

2 USB transceiver of a microcontroller. 

1 8. A programmable pull-up universal serial bus (USB) device, comprising: 

2 a universal serial bus (USB) transceiver coupled to a universal serial bus (USB) data line; and 

3 a programmable input/output line to an active puli-up component external to the USB device for 

4 selectively connecting the USB transceiver to the USB data line through a pull-up terminator. 

I 

1 9. The programmable pull-up USB device of claim 8, further comprising: 

2 an execution unit for executing device software to selectively control the programmable output 

3 line to the active pull-up component. 

1 10. The programmable pull-up USB device of claim 8, wherein the active pull-up component 

2 comprises a transistor. 
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1 11. The programmable pull-up USB device of claim 8, wherein the pull-up terminator comprises a 

2 resistor. 

1 12. The programmable pull-up USB device of claim 8, wherein the USB transceiver comprises a 

2 USB transceiver of a microcontroller. 

1 13. A method of connecting a universal serial bus (USB) device to a universal serial bus, the 

2 universal serial bus including a universal serial bus (USB) data line, comprising the steps of: 

3 providing an active pull-up component coupled to the USB data line; and 

4 asserting an attach signal from the USB device to the active pull-up component to place a pull-up 

5 resistance on the USB data line. 

1 14. The method of claim 1 3, wherein a connect status of the USB device is provided to the universal 

2 serial bus if the pull-up resistance is on the USB data line. 

1 15. The method of claim 13, wherein the attach signal is asserted by universal serial bus (USB) 

2 controller of the USB device. 

1 16. The method of claim 15, wherein software of the USB device selectively signals the USB 

2 controller to assert the attach signal. 



1 17. A method of disconnecting a universal serial bus (USB) device from a universal serial bus, the 

2 universal serial bus including a universal serial bus (USB) data line, comprising the steps of: 

3 providing an active pull-up component coupled to the USB data line; and 

4 deasserting an attach signal from the USB device to the active pull-up component so as not to 

5 provide a pull-up resistance on the USB signal line. 

1 18. The method of claim 17, wherein a disconnect status of the USB device is provided to the 

2 universal serial bus if the pull-up resistance is not provided on the USB signal line. 

1 19. The method of claim 17, wherein the attach signal is deasserted by universal serial bus (USB) 

2 controller of die USB device. 

1 20. The method of claim 17, wherein software of the USB device selectively signals the USB 

2 controller to deassert the attach signal. 

1 21 . A method of reconfiguring a universal serial bus (USB) device by disconnecting the USB device 

2 from the universal serial bus (USB) using software, the USB device having a first configuration, the method 

3 comprising the steps of: 

4 disconnecting the USB device through a software disconnect so that the USB device is 
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5 recognized by a universal serial bus (USB) host as disconnected from the USB; 

6 reconfiguring the USB device from the first configuration to a second configuration; and 

7 connecting the USB device configured for the second configuration to the USB through a 
g software connect. 

1 22. The method of claim 2 1 , further comprising the step of: 

2 connecting the USB device configured for the first configuration to the USB with a software 

3 connect. 

1 23. The method of claim 21, the step of disconnecting the USB device through a software disconnect 

2 comprising the step of: 

3 deasserting a signal provided to an active pull-up component coupled to a USB data line of the 

4 USB. 

1 24. The method of claim 2 1 , the step of disconnecting the USB device through a software disconnect 

2 comprising the step of: 

3 deasserting a signal provided to an active pull-up component internal to the USB device. 

1 25. The method of claim 24 , wherein the signal is an attach signal provided by the USB device. 

1 26. The method of claim 2 1 , the step of disconnecting the USB device through a software disconnect 

2 comprising the step of: 

3 deasserting a signal provided to an active pull-up component external to the USB device. 

1 27. The method of claim 26, wherein the signal is a programmable input/output line provided by the 

2 USB device. 

1 28. The method of claim 21, the step of connecting the USB device to die USB through a software 

2 connect comprising the step of: 

3 asserting a signal provided to an active pull-up component coupled to a USB data line of the 

4 USB. 

1 29. The method of claim 21, the step of connecting the USB device to the USB through a software 

2 connect comprising the step of: 

3 asserting a signal provided to an active pull-up component internal to the USB device. 

1 30. The method of claim 29, wherein the signal is an attach signal provided by the USB device. 

1 31. The method of claim 21, the step of connecting the USB device to the USB through a software 

2 connect comprising the step of: 

3 asserting a signal provided to an active pull-up component external to the USB device. 
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32. The method of claim 31, wherein the signal is a programmable input/output line provided to 
USB device. 
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